Records of long-term sediment deposition in the Caribbean Sea were recovered during Ocean Drilling Program Leg 165. Samples from the Cayman Rise (Site 998), the Colombian Basin (Site 999), and the Hess Escarpment (Site 1001) were analyzed for calcium carbonate (CaCO 3 ) by coulometry and for selected major and trace elements by X-ray fluorescence and inductively coupled plasma-emission spectrometry. These data were used to quantify in the bulk sediment the absolute concentrations of CaCO 3 , terrigenous matter, and dispersed ash (as opposed to discrete ash layers). The weight percent of terrigenous matter was computed using a Cr-based normative calculation, and dispersed ash content was calculated by difference; the assumption of a three component system (CaCO 3 , ash, and terrigenous matter) is justified by and consistent with petrographic analysis.
INTRODUCTION
The accumulation and composition of sediment preserved on the deep-ocean floor reflects the tectonic evolution, volcanic history, climate changes, and weathering rates of the nearby continental regions. The terrigenous and volcanic components of the sediment result from physical and chemical weathering that act on the exposed crustal rocks at any particular time period in Earth's history. Studying the chemical composition of terrigenous matter in deep-sea sediment can help to answer questions of how sediment is weathered and transported, address the composition and geographic location of the sediment source(s), and contribute to our understanding of regional and global chemical mass balances.
The Caribbean region is an opportune place to study these and other topics for several reasons. First, the Caribbean Sea region is unlike other Atlantic-type ocean basins. The Caribbean plate is allochthonous with respect to its neighbors, making it difficult to reconstruct its paleogeology. For example, there are many models of the plate tectonic evolution of the Gulf of Mexico and the Caribbean, all of which are inconclusive in some regard (Burke et al., 1978; Duncan and Hargraves, 1984; Burke, 1988; Donnelly, 1989; Pindell and Barrett, 1990; Morris et al., 1990) . In this context, the past volcanic activity in the region is not thoroughly known. Secondly, the region ( Fig. 1 ) holds a central tectonic and geographic position because it lies between the North and South American plates and the Pacific and Atlantic Oceans. Accordingly, it played a vital role in global ocean circulation until the closing of the Isthmus of Panama, which began at ~13 Ma and was completed at ~1.9 Ma (Farrell et al., 1995, and references therein) . Return flow from the South Atlantic that feeds the Gulf Stream moves through the Caribbean, and paleoceanographic studies of carbonate preservation (e.g., Droxler and Burke, 1995) illustrate the Caribbean's important geographic location today.
For ~20 yr before Leg 165, there was no recovery of deeply buried sediment in the circum-Caribbean region. Five sites were drilled during Leg 165, and, of these, we discuss chemical records from Sites 998, 999, and 1001 here. These sites cover nearly 80 m.y. of Earth's history (Sigurdsson, Leckie, Acton, et al., 1997) . The two sites visited during Leg 165 and not discussed here (Sites 1000 and 1002) have unique characteristics that make them inapplicable to this study: Site 1000 is a drowned carbonate platform (Droxler et al., 1998) and Site 1002 is a large anoxic marine basin (Cariaco Basin) with only a 600,000 yr record (Peterson et al., 1998) .
Our results indicate that throughout the region the sediment is dominated by the calcium carbonate (CaCO 3 ) fraction. The noncarbonate fraction is composed of detrital sediment (hereafter referred to as "terrigenous") and dispersed ash. Dispersed ash is different from discrete ash layers (Carey and Sigurdsson, 1998; Carey and Sigurdsson, Chap. 5, this volume) and refers to ash that is physically and chemically mixed with the carbonate and other noncarbonate sediments. In this paper, we use the bulk sediment chemistry to quantitatively determine the absolute percentages of CaCO 3 , terrigenous matter, and dispersed ash in the sediment sequences at the three sites. We will discuss the temporal and paleogeographic changes in terrigenous supply, the timing and magnitude of increases and decreases in the accumulation of dispersed ash, and interpret the paleoceanographic patterns in the context of the changing tectonics of the Cenozoic Caribbean Sea.
METHODS

Coring and Stratigraphy
Details of the coring procedures, the use of planktonic foraminifers and calcareous nannofossil datums and magnetostratigraphic polarity zone boundaries to obtain sedimentation rates, and calculations of the bulk accumulation rates may be found in Sigurdsson, Leckie, Acton, et al. (1997) .
The age-to-depth and mass accumulation rates for each sample were calculated using interpolated ages for each core interval. Although our records cover approximately the last 80 m.y., in some cases they are not complete. At Site 1001, middle Miocene nannofossil ooze overlies middle Eocene chalk, and the middle Eocene chalk overlies early Eocene chalk, corresponding to hiatuses of 30 and 8 m.y., respectively (Sigurdsson, Leckie, Acton, et al., 1997) .
Normative Calculations of Sediment Composition
The absolute concentration of the terrigenous component was obtained from normative calculations based on the concentration of Cr in a given sample and the concentration of Cr in average shale (Table  1 ; Cr ≈ 110 ppm; Taylor and McLennan, 1985) according to (%Terrigenous) sample = 100 × (Cr sample ) / (Cr average shale ).
This calculation compares the composition of a given sample to that of an "average shale." In Sigurdsson, Leckie, Acton, et al. (1997) , the terrigenous component at Site 998 was calculated using a modelbased Ti/Zr value. Although there are no significant differences in results from these two methods, the terrigenous component was recalculated here using the Cr-based normative approach for consistency. We use the value of Cr for average shale based on the Post Archean Average Shale (PAAS) of Taylor and McLennan (1985) . Although this is a somewhat arbitrary choice, it is important to note that other average shales (e.g., North American Shale Composite with Cr ≈ 125 ppm, Gromet et al., 1984 ; Proterozoic and Phanerozoic cratonic shales with Cr ≈ 110 ppm, Condie, 1993; Continental Crust with Cr = 119 ppm, Rudnick and Fountain, 1995) have similar concentrations of Cr. In further support of our selection of this particular Cr concentration, we note that Dobson et al. (1997) determined the chemical composition of operationally derived (i.e., using a sequential extraction procedure) terrigenous matter at the Ceara Rise, thought to represent sediment transported down the Amazon River, and the average of their determinations yields Cr ≈ 100 ppm. Thus, the results described below are not overly dependent on the choice of any particular average shale approximation.
Chromium was selected as the reference element because a large majority of the discrete ash layers contain <3 ppm Cr (Sigurdsson, Leckie, Acton, et al., 1997) , compared to 110 ppm in average shale (Taylor and McLennan, 1985) . Thus, given these end-member values, even in a sediment sample with a large amount of dispersed ash and a small terrigenous load, the use of Cr to quantitatively determine the terrigenous abundance is appropriate. Furthermore, as a refractory element, Cr is unlikely to be affected by diagenetic remobilization (Taylor and McLennan, 1985) . Our use of Cr assumes that the original chemistry of the dispersed ash was similar to that of the discrete ash layers, at least with respect to Cr. The use of major elements such as Al or Ti to calculate the terrigenous load leads to erroneous results because these elements are found in large concentrations in both average shale (Taylor and McLennan, 1985) and Caribbean ash (Sigurdsson, Leckie, Acton, et al., 1997) . Similarly, the use of other trace elements found in relatively low abundance in ash is precluded. For example, Ni was not chosen because the range of Ni concentrations in the ash layers is 30-90 ppm even in relatively unaltered ash (those with low MgO concentrations; Sigurdsson, Leckie, Acton, et al., 1997) and the concentration in average shale is 54 ppm (Taylor and McLennan, 1985) . Vanadium was not chosen for the same reason; the V concentration in the ash (1-50 ppm) is not significantly lower than that of average shale (100 ppm). Dispersed ash was calculated by difference according to (%Ash) sample = 100 -%CaCO 3 -%Terrigenous.
This yields a maximum estimate for the dispersed ash because the calculation could potentially include oxide and biogenic opal components in the remaining portion, as well as sea salt. However, Fe and Mn oxides and biogenic opal components only account for a maximum of 7% of the bulk sediment deposited here (Sigurdsson, Leckie, Acton, et al., 1997) . Because such additional components may have stratigraphically local importance, care is taken to not overly rely on single data points.
Our normative calculations are in close agreement with petrographic analysis of the sediment. For example, at certain stratigraphic horizons where petrographic analysis indicates only the presence of terrigenous matter and CaCO 3 , our normative calculations yield numerical closure. Our calculations also agree with the qualitative smear-slide descriptions of the lithology (Sigurdsson, Leckie, Acton, et al., 1997) . We estimate the uncertainty in the normative calculation of dispersed ash to be ~5%-10% of the measured weight percent value. We arrive at this estimate because of the ~3 ppm Cr in ash compared to the 110 ppm Cr in PAAS (3/110 ≈=3%), as well as analytical precision of the Cr analysis (<2% of the measured value), the potential for variation in the detrital component, and when taking into consideration that other components are not necessarily included in the "by difference" calculation. Given the arithmetic, the realistic "detection limit" of the normative approach is also ~5 wt% dispersed ash. All data are given in Table 1 .
Chemical Analyses
Shipboard analysis of selected major and trace elements was performed by X-ray fluorescence (XRF). For Site 998, analysis was done on two samples per core for the first 150 meters below seafloor (mbsf) and then one per core below. At Site 999, samples were analyzed at a frequency of one per core, and at Site 1001, one sample every three cores. Samples were selected from intervals that appeared representative (so called "background" sediment) and had no obvious marker beds. Details of the shipboard analytical procedures may be found in Sigurdsson, Leckie, Acton, et al. (1997) . Eighty-seven samples (~30 per site) were selected for reanalysis by inductively coupled plasma source emission spectrometry (ICP-ES) at Boston University to compare the shipboard XRF-generated data with ICP-ES. The ICP-ES analytical procedures were similar to those used by Schroeder et al. (1997) , Leinen (1993, 1996) , and Murray et al. (1995) . Samples targeted for replicate analysis were chosen to bracket a range of Cr, Ti, and CaCO 3 concentrations. The shorebased ICP-ES analyses confirmed the shipboard XRF data determinations. Although shipboard XRF quality control was maintained at the highest possible level, including blind replicate analyses, the replicate analyses by the different technique gives us increased confidence in the analytical results.
RESULTS AND DISCUSSION
Overview
At all three sites, there is a high concentration of CaCO 3 with lower concentrations of terrigenous matter and dispersed ash (Fig. 2) . The concentration of CaCO 3 varies between 0 and 80 wt% of the bulk sediment, with an average ~70 wt%. The extremely low concentrations of carbonate at Sites 998 and 999 at ~12 Ma define the "carbonate crash" discussed elsewhere Lyle et al., 1995; Roth et al., Chap. 17, this volume) . Terrigenous matter concentrations average ~20 wt%, yet increase in the last 10 m.y. to ~35 wt%. This increase does not appear to be solely caused by the decrease in the amount of dispersed ash (i.e., is not caused solely by dilution), because the terrigenous accumulation rates also show a marked increase in this time interval (as discussed below). Overall there is a significant amount of dispersed ash, reaching a maximum value of 45 wt% of the bulk sediment. This is especially true before 10 Ma, where dispersed ash averages 18 wt%; after 10 Ma, dispersed ash only averages 5 wt% (i.e., near the detection limit of the normative calculation). Site 999 generally shows the greatest mass accumulation rates of all three sediment components with two exceptions (Fig. 3) . During the mid-Oligocene (between 36 and 24 Ma), CaCO 3 and terrigenous accumulation rates are greater at Site 998 than at Site 999 and reach to more than three times greater in the terrigenous component and 1.5 times greater in the CaCO 3 component. Also, between 60 and 62 Ma, Site 1001 has greater CaCO 3 and dispersed ash accumulation rates than Site 999 by ~1.5 and two times, respectively. Details of the variations in these components, as well as their interrelationships and tectonic significance, are discussed below.
Terrigenous Component
Sites 999 and 1001 record maxima in terrigenous matter accumulation rates at ~59 Ma (Fig. 4) . At Site 999 these relatively high accumulation rates are maintained until ~50 Ma, whereas at Site 1001 the terrigenous accumulation reaches a maximum. Notwithstanding the caution needed in interpreting single data points, it appears that even at Site 1001 several points define an increase up to the maximum at 59 Ma and the decrease down from it. Site 999 shows low accumulation rates between 48 and 28 Ma, with essentially zero terrigenous accumulation between 46 and 32 Ma. Much of this time period of ultralow terrigenous accumulation at Site 999 corresponds with the hiatus at Site 1001, which may reflect a regional depositional pattern. Between 28 and 6 Ma, Site 999 shows a steady increase in terrigenous accumulation (with the exception of the "carbonate crash"). Site 998 also shows a period of low accumulation rates in the Oligocene through the middle Miocene except for an increase in terrigenous accumulation at ~34 Ma. This event may reflect uplift in Guatemala (Weyl, 1980 ) that began during the Oligocene and increased through middle Miocene orogeny (Morris et al., 1990) . Such uplift may be associated with the left-lateral offset between North America and the Caribbean as evidenced by the Oligocene-aged initial opening of Cayman Trough (Mann et al., 1990) . At Sites 998 and 999, there is a significant maximum in terrigenous accumulation at ~12 Ma, which is not seen at Site 1001, and is related to the carbonate crash.
Most significantly, all three sites show a broad pattern of increased terrigenous matter (Fig. 2) and in terrigenous accumulation (Fig. 4) sponding to the same input(s), especially since the late Miocene. The high terrigenous matter accumulation rates over the last 10 m.y. correspond with several orogenic events. From the late Miocene to the present, the final postorogenic phase in Guatemala, southern Central America, and northwestern South America has been characterized by uplift, deposition, and the advent of volcanism (Escalante, 1990; Morris et al., 1990; Mann et al., 1990; Mann and Burke, 1984) . Increases in terrigenous input over the past 10 m.y. are also recognized at Sites 925 and 929 located on the Ceara Rise (Dobson et al., 1997) . Only carbonate and terrigenous matter (i.e., not ash) were studied at these Ceara Rise sites. Dobson et al. (1997) determined mass accumulation rates for the terrigenous component by using the calculated weight percent values determined from an operationally derived sequential extraction, shipboard discrete density measurements, and a biostratigraphic time scale. Even with the difference in techniques between those used by Dobson et al. (1997) and those used in this paper and the lower temporal resolution of the Dobson et al. (1997) data set, a marked increase in terrigenous accumulation rate for this same time interval at Ceara Rise is apparent and compares reasonably with the patterns we observe at Site 999 (Fig. 5) . For the Ceara Rise, the increase is thought to be associated with Andean uplift and increased Amazon River flow (Dobson et al., 1997) . Sites 998 and 999, located in the western Caribbean, are likely too far away to be reflecting an Amazon source. However, Site 999 is in close proximity to the Magdelena Fan, which drains the northern Andes (Sigurdsson, Leckie, Acton, et al., 1997) . It is difficult to resolve whether the increase in terrigenous accumulation at Site 999 (beginning at 38 Ma) precedes the increase at Ceara Rise, since the Ceara Rise data set is poorly resolved from 30 to 42 Ma (Fig. 5) . Regardless, both the Atlantic and the Caribbean are apparently showing the same broad depositional pattern from both the Amazon and Magdelena drainage basins. Thus, these two locations serve as good circumAndean tracers of tectonism.
Dispersed Ash
Dispersed ash accumulation rates (Figs. 3, 6) show three distinct periods of increased accumulation. Two of these periods are in the Paleocene (at 62-60 and 58-54 Ma) and are recorded at both Sites 999 and 1001. The younger (58-54 Ma) is through the Paleocene/ Eocene boundary and may be causally related to the late Paleocene thermal maximum climatic event (Bralower et al., 1997) .
These periods of increased deposition of dispersed ash occurred somewhat earlier at Site 999 than at Site 1001; however, Site 1001 has higher absolute accumulation rates (Fig. 3) . The difference in timing probably is not caused by variations in age models; at both sites, the ages during these periods are tightly constrained (Sigurdsson, Leckie, Acton, et al., 1997) . Also, the sedimentation rates at both sites were approximately the same during these times, especially between 62 and 60 Ma.
The major source of dispersed ash accumulation during both Paleocene maxima appears to be the Late Cretaceous Greater Antilles/ Cayman Volcanic Arc (Montgomery, 1998; Pindell and Barrett, 1990; Stykes et al., 1982; Wadge and Burke, 1983; White and Burke, 1980 ; see also discussion in Sigurdsson, Leckie, Acton, et al., 1997) . This arc evolved as a result of a reversal in subduction polarity between 120 and 110 Ma (Draper et al., 1996; Draper and GutierrezAlonso, 1997 ), but volcanism did not cease until the early Eocene in some of the Greater Antilles islands (Pindell and Barrett, 1990; Lewis and Draper, 1990) . The Central American arc is not likely to be a major source of these Paleocene maxima because Site 999, located closest to Central America during this time (Pindell and Barrett, 1990) , records lower dispersed ash accumulation (Fig. 3) . Both Sites 998 and 1001 were closer than Site 999 to the Late Cretaceous Greater Antilles Arc (Pindell and Barrett, 1990) , Site 1001 shows greater dispersed ash accumulation rates during these episodes than Site 999, and Site 998 also records a maximum in discrete ash layers at ~52 Ma. The second volcanic episode was in the Eocene, between 50 and 40 Ma. The record of this event is only seen at Site 999 because of the hiatus at Site 1001 and the fact that samples older than 39 Ma were not analyzed for dispersed ash from Site 998. The source of the dispersed ash deposited between 50 and 40 Ma is most likely the Central American arc (Sigurdsson, Leckie, Acton, et al., 1997) , which probably formed a continuous string of volcanic islands between South America and the Chortis block of Nicaragua during the Paleocene to middle Eocene (Maury et al., 1995) .
The third episode of volcanism occurred in the Miocene between 22 and 14 Ma. The greatest accumulation by far is at Site 999, but the episode is also recorded at Site 998. The source is thought to be the Central American arc, similar to the source of the Eocene event (Sigurdsson, Leckie, Acton, et al., 1997) The volcanic activity was concentrated in the middle of Central America within the Chorotega block and gave rise to intensive volcanism (Escalante, 1990) .
These dispersed ash records of volcanic activity agree well with the tectonic history of the region. Eruptive and intrusive calc-alkaline units are found in the Greater Antilles, such as the Mal Paso Formation and Palma Escrita Formation of Puerto Rico (Jolly et al., 1998) , and in northern South America and Central America as seen in the volcanic agglomerate from the Tuira-Chucunaque Basin (Escalante, 1990; Frost et al., 1998) . Crustal movement, which started in the early Tertiary and reached a climax in the early Eocene, caused uplift in northern Central America and throughout the northern Caribbean margin (Lewis and Draper, 1990) . Arc volcanism in the eastern Greater Antilles commenced in the Cretaceous and terminated throughout the Eocene (depending on location), progressing from initial collision in Cuba to younger events of lesser effect to the west (Montgomery, 1998; Lewis and Draper, 1990; Pindell and Barrett, 1990) .
Orogeny in Central America and western Columbia likely reached its peak during the late Miocene (Escalante, 1990) . This activity gave rise to intense volcanism that is associated with the volcanic Aguacate, Rio Pey, and Paso Real Formations in Costa Rica, and other volcanic rocks in western Panama (Escalante, 1990) . The broad timing of tectonic activity corresponds with the large Miocene accumulation of both dispersed ash and discrete ash observed at Sites 999 and 998. As described in Carey and Sigurdsson (Chap. 5, this volume) , the extremely large volcanic eruptions responsible for the ash in the Caribbean Sea resulted in ejected material reaching stratospheric elevations, where wind flows from west to east (i.e., in the opposite direction of the lower level trade winds).
The Relationship between Dispersed Ash and Discrete Ash Layers
The record of discrete ash layers (Carey and Sigurdsson, 1998; Carey and Sigurdsson, Chap. 5, this volume) shows that the major volcanic episodes occurred in the Paleocene (65-60 Ma), Eocene (47-37 Ma), and Miocene (~17 Ma). Grain-size and shape analyses, along with modeling of ash transport mechanisms, indicate that these discrete ash layers most likely represent eruptions that exceeded 40 km in height and are associated with large volume ignimbrites (Carey and Sigurdsson, Chap. 5, this volume) . The timing of these peaks in comparison with those for the dispersed ash accumulation rates indicate that the discrete layers consistently lag temporally behind the dispersed ash accumulation. This is especially apparent at Site 999 ( Fig. 7) . At this site, dispersed ash maxima are seen between 52 and 48 Ma and again between 42 and 41 Ma, whereas discrete ash layers peak between 42 and 40 Ma and between 36 and 34 Ma. The lead-lag relationship is also seen between 22 and 10 Ma with the dispersed ash leading by ~2-4 Ma. At Site 998, the relationship is less pronounced, but can be observed in a dispersed ash accumulation rate peak at ~14 Ma followed by a 12 Ma peak in the ash layer accumulation (Fig. 7) .
Various causes can be proposed for these relationships. One explanation is that perhaps there is not a true temporal relationship being observed, but rather that the discrete ash layers reflect volcanism at close proximity and the dispersed ash accumulation rates reflect volcanism at further distances in the circum-Caribbean region. For example, the maximum in ash layer accumulation at Site 998 at ~50 Ma corresponds with identically timed peaks in dispersed ash observed at Site 999 (Fig. 7) . Similarly, the maxima in dispersed ash accumulation rates at Site 998 at 18 and 34 Ma correspond with ash layer accumulations at Site 999. However, even though the accumulation of the ash layers (in centimeters per million years) is comparable (~250 cm/ m.y.) at Site 998 at 50 Ma and at Site 999 at 34 and 18 Ma, the corresponding dispersed ash maxima are greater at Site 999.
If the discrete ash at one site and dispersed ash at another are contemporaneous and receiving ash from the same source, this provides information regarding the transport mechanism and the distribution of volcanic sediments. To form discrete ash layers at these sites would require high intensity eruptions with column heights in excess of 40 km (Carey and Sigurdsson, Chap. 5, this volume) . Particles in the umbrella region of such an eruption would be transported by the prevailing high-altitude wind direction (Carey and Sigurdsson, Chap. 5, this volume; Sigurdsson et al., 1980) . Thus, the discrete ash was most likely transported in the stratosphere and the transport is stronger in the northward direction.
Another potential explanation is that the region experienced long periods of eruptions of small magnitude followed by intense large- scale explosive volcanic activity. According to Sigurdsson et al. (1980) , small magnitude eruptions such as the 1979 eruption of Soufriere in St. Vincent do not form megascopic ash layers; they only contribute to the dispersed ash content of the sediment. Experience in the Lesser Antilles indicates that visible layers are formed from eruptions that produce total volumes much greater than 1 km 3 (Sigurdsson et al., 1980) . In this context, the dispersed ash may represent erosion of smaller terrestrially deposited ash sediments, which was then followed by associated massive volcanism (Noble et al., 1974 ) that resulted in discrete ash layers. If this is the source of dispersed ash, we should expect that even though the percent terrigenous component is small, there would be some coincidence between the terrigenous and the dispersed ash accumulation rate peaks because production and transport of both the dispersed ash and terrigenous components are caused by the same physical mechanism (i.e., erosion). This is in fact observed at all three sites. At Sites 999 and 1001, the terrigenous accumulation rate peak at 58-60 Ma corresponds with peaks in the dispersed ash. At Site 999, from 50 to 52 Ma a peak in terrigenous accumulation rate coincides with a peak in dispersed ash accumulation rate. The erosional event referred to earlier at Site 998 at 34 Ma shows a dispersed ash accumulation rate increase occurring at the same time as the increase in the terrigenous accumulation rate. Thus, in addition to recording obvious volcanism, the dispersed ash maxima may also be indicators of erosional events and could be proxies for uplift in the area.
SUMMARY AND CONCLUSIONS
1. Site 998 experienced an erosional event, inferred from an increase in terrigenous accumulation rates, in the mid-Oligocene at ~35 Ma. This erosional event may reflect uplift in Guatemala (Weyl, 1980 ) that began during Oligocene time and increased through the middle Miocene orogeny (Morris et al, 1990 ). 2. Terrigenous sedimentation throughout the Caribbean Sea region has increased markedly in the last 10 m.y., with Site 999 beginning a steady increase since 28 Ma. This is probably caused by the rapid Neogene uplift in Hispanola, Guatemala, and northwestern South America. The uplift in northwestern South America seems to be dominant, as reflected in a similar increase in terrigenous accumulation rates at Sites 925 and 929 on the Ceara Rise, which receives input from the Amazon River draining the Andes (Dobson et al., 1997) and Site 999, which receives input from the Magdelena River draining the northern Andes (Sigurdsson, Leckie, Acton, et al., 1997) . The uplift is continuing to the present (Morris et al., 1990; Mann et al., 1990; Mann and Burke, 1984) . 3. Volcanism resulted in an extremely large source of sediment to the Caribbean Sea, as evidenced by both the high amount of dispersed ash and the accumulation of discrete ash layers. Three periods of volcanism (Paleocene, Eocene, and Miocene) are recorded in both the dispersed ash and discrete ash layer records. Site 1001 shows the greatest absolute accumulation during the Paleocene. The greatest ash accumulation rate occurs at Site 999 during the Miocene and Eocene. The source of these episodes of volcanism is believed to be the Central American arc (Sigurdsson, Leckie, Acton, et al., 1997) . 4. The maxima in discrete ash layer accumulation temporally lags the dispersed ash accumulation rate. The lag may be a reflection of distance from the source of volcanism with sites nearer to the volcanism having deposits of discrete ash layers and distal sites showing dispersed ash, or it may be indicative of uplift and erosion of smaller volume deposits (leading to the dispersed record) followed by long periods of intense volcanic activity (leading to the discrete record).
